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The Prehospital Fluid Conference was sponsored by the US
Army Institute of Surgical Research and Combat Casualty

Care Research, US Army Medical Research and Materiel
Command. Some 65 conferees were invited in January 2010
to review the contemporary guidelines on the use of fluid
resuscitation in treating combat casualties, discuss the state of
the art of fluid resuscitation for combat casualties, and answer
the following questions:

Y Are current Tactical Combat Casualty Care (TCCC)
intravenous (IV) fluid resuscitation guidelines optimal
for today?

Y Which IV fluid should be the top priority for future
research?

Y What are the current indications for fluid resuscitation in
the combat trauma patient?

Y What is the current practice in tactical fluid resuscitation?

The objective of this conference was to identify the
fluid to be used by the prehospital provider and not to address
the needs once definitive hemorrhage control has been
achieved. The fluids to be used are those that will be carried
into the field on the back of the combat medic or in the
vehicle used to transport the medic or the patient (echelon 1
care). There are several definitions of these echelons of care
(North Atlantic Treaty Organization [NATO], European
forces, etc.). The definitions used in this document are those
of the Joint Theater Trauma System. The use of “role” and
“echelon” can be interchangeable depending on the country
of origin, but the terms can vary significantly. Echelon, as
used in many/most of Joint Theater Trauma System presen-

tations, will be used throughout this document to indicate a
level of care facility (see Table 1).

Although discussions focused on military needs, it was
understood and accepted by the consensus group that many,
if not all, of the recommendations could and would be used
for civilian prehospital providers with appropriate situational
modifications.

The conferees explored the state of the science in three
sessions:

Y Crystalloids and colloids: Session chaired by Charles
Wade, PhD, currently of the University of Texas Health
Science Center (UTHSC), and Lorne Blackbourne, MD,
Commander of the United States Institute of Surgical
Research (USAISR).

Y Oxygen carriers: Chaired by David Hoyt, MD, Univer-
sity of California Irvine Medical Center, and Howard
Champion, MD, Uniformed Services University of the
Health Sciences (USUHS).

Y Coagulation maintenance and treatment: Chaired by
Brian Eastridge, MD (USAISR), and John Holcomb,
MD (UTHSC).

A consensus panel of experts was convened, and
each expert presented his/her findings and recommenda-
tions. The panel in the first session was composed of
Martin Schreiber, MD (Oregon Health and Science Uni-
versity), Fred Moore, MD (Methodist Hospital Houston),
Sandro Rizoli, MD, PhD (University of Toronto), Ken
Proctor, PhD (University of Miami), Peter Rhee, MD (Uni-
versity of Arizona Medical Center), Raul Coimbra, MD, PhD
(University of California San Diego Medical Center), Eileen
Bulger, MD (University of Washington), and Steven Shack-
ford, MD (Scripps Mercy Medical Center). The panel in the
second session was composed of Steve Gould, MD (Univer-
sity of Illinois), Joe Minei, MD (University of Texas South-
western Medical Center), Charles Auker, MD (Naval Medical
Research Center), Timothy Fabian, MD (University of Ten-
nessee-Memphis), and Francisco Rentas, PhD (US Army
Office of the Surgeon General). The panel in the third session
was composed of Juan Duchesne, MD (Tulane University),
Norman McSwain, MD (Tulane University), Kenji Inaba,
MD (University of Southern California), Andre Cap, MD,
PhD (USAISR), Ariv Amir, DVM, PhD (Core Dynamics),

Submitted for publication February 11, 2011.
Accepted for publication March 17, 2011.
Copyright © 2011 by Lippincott Williams & Wilkins
From the Department of the Army, US Army Institute of Surgical Research, Fort

Sam Houston, Texas.
The opinions and assertions contained herein are the private views of the authors

and are not to be construed as official or reflecting the views of the
Department of the Army or Department of Defense.

Presented at the USAISR Prehospital Fluid Conference, January 8–9, 2010, Fort
Worth, Texas.

Address for reprints: Norman E. McSwain, MD, 1430 Tulane Ave., Department
of Surgery, Tulane University School of Medicine, New Orleans, SL-22 LA
70112; email: nmcswai@tulane.edu.

DOI: 10.1097/TA.0b013e31821b201d

S2 The Journal of TRAUMA® Injury, Infection, and Critical Care • Volume 70, Number 5, May Supplement 2011



Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information  Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302  Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number  

1. REPORT DATE 
01 MAY 2011 

2. REPORT TYPE 
N/A 

3. DATES COVERED 
  -   

4. TITLE AND SUBTITLE 
State of the art of fluid resuscitation 2010: prehospital and immediate
transition to the hospital 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 
McSwain N. E., Champion H. R., Fabian T. C., Hoyt D. B., Wade C. E.,
Eastridge B. J., Proctor K. G., Rasmussen T. E., Roussel R. R., Butler F.
K., Holcomb J. B., Schreiber M. A., Shackford S. R., Blackbourne L. H., 

5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
United States Army Institute of Surgical Research, JBSA Fort Sam
Houston, TX 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release, distribution unlimited 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 

UU 

18. NUMBER
OF PAGES 

9 

19a. NAME OF
RESPONSIBLE PERSON 

a  REPORT 
unclassified 

b  ABSTRACT 
unclassified 

c  THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



and John Holcomb, MD (UTHSC). A synopsis of each
session appears later in this article. For additional detail,
please refer to the individual abstracts and their references
that are presented in this supplement.

BACKGROUND

Physiology of Resuscitation
The two major components for resuscitation of the

trauma patient are (1) stopping hemorrhage and (2) maintain-
ing or restoring energy production.
Energy production depends on the Ficke principle:

Y On-load oxygen (O2) into the hemoglobin molecule in
the lung.

Y Deliver the hemoglobin to the tissue.
Y Off-load the O2 to the tissue cell.

In the tissue cells, aerobic metabolism produces aden-
osine triphosphate (ATP) at a rate that is significant to
maintain life; anaerobic metabolism does not. O2 delivery
depends on an adequate supply of red blood cells (RBCs).

Hemorrhage control depends on the availability of the
13 factors in the coagulation cascade plus the definitive
extrinsic factor, surgical control. In the 1960s, whole blood
was used very effectively as the resuscitation solution. In the
early 1970s, blood suppliers began separating whole blood
into components and supplying blood products in the form of
packed RBCs (PRBCs), platelets, and plasma, without data to
support the use of components as being at least equally
efficacious as the use of whole blood. This practice has now
become standard in all civilian communities in the United
States. Resuscitation fluids changed from complete/whole
blood, with all of the elements needed for hemostasis, to
PRBCs, crystalloid fluid (in Viet Nam), and replacement of
various factors piecemeal using cryoprecipitate, fresh frozen
plasma (FFP), and similar (in the 1990s). This practice was,
perhaps, good for handling blood loss in the operating room,
chronic blood loss from a hemorrhage from the gastrointes-
tinal tract, and congenital or acquired coagulopathy; however,
it was much less effective for the acutely hemorrhaging
trauma patient. Recent emphasis on hemostasis has stressed
the importance of the early use of plasma as FFP, platelets,
cryoprecipitate, and, in some cases, recombinant factor VIIa.
The first three are usually given with initial resuscitation in
the hospital as a package and recombinant factor FVIIa as an
in-hospital treatment when the first three fail to produce
hemostasis.

Three crucial elements of resuscitation during hemor-
rhagic shock are maintaining movement of oxygen to the tissues
from the lungs, forming clots to stop leaks in the vessels caused
by injuries, and retaining fluid in vessels by reversing endothelial
permeability and maintaining the serum oncotic pressure.

The old adage on shock management is to replace what
the patient has lost.

Y If blood has been lost, then blood should be replaced
(hemorrhagic shock).

Y If crystalloid is lost, then crystalloid should be replaced
(dehydration).

Y If dysrhythmia is the cause of shock, then cardiac drugs
(cardiac arrest or similar problems) should be used.

This logical approach works well.
Various methods of isotonic fluid resuscitation were de-

veloped in response to the adoption of blood component therapy
(instead of using of whole blood). Shires et al.1 recommended 3
L of crystalloid for each liter of blood lost. The major reason for
the large volumes of replacement was that the crystalloid rapidly
distributed throughout the entire extracellular compartment; it
was not confined to the vascular space. This distribution resulted
in massive fluid overload producing significant edema and
complications of “Da Nang Lung” (acute respiratory distress
syndrome), hepatic failure, renal failure, and sepsis.

Jelenko2 (burns) and Holcroft and Trunkey3 (acute
trauma) recommended hypertonic saline (HTS) and colloid.
The edema was not as severe and oxygen transfer was
facilitated and complications were reduced. However, obsta-
cles such as underhydration, coagulopathy, and decreased O2
carrying capacity were not resolved. For burns, the long-term
outcome was not changed; and in hemorrhagic trauma, the
long-term studies do not exist. A consensus conference rec-
ommended continued use of large-volume resuscitation for
burns.4 Mattox and coworkers5 recommended hypotensive
resuscitation to prevent “pop-the-clot” problems and maintain
the reduction of transmural pressure.

A modification of the Bernoulli theorem demonstrates
that the flow from an injured vessel is proportional to the
differential of the intraluminal/extraluminal pressure, the area
of the defect in the vessels:

Rate of leakage

�

area of the vascular defect �
(intramural pressure � extramural pressure) � V2

Density of the fluid

None of these solutions had all the necessary factors as
identified above for complete resuscitation. Complication
rates increased and survival was compromised.

Holcomb6 and others began the use of fluid replace-
ment in severe combat injuries that was as near to whole
blood as possible; i.e., blood, plasma, and platelets in a 1:1:1
ratio. The use of this ratio resulted in increased survival and
decreased complications, including those of overhydration,
excessive edema, and the associated complications. In a
retrospective study from 16 Level I trauma centers, Holcomb
et al.7 showed that increased plasma and platelets were

TABLE 1. JTTS Levels of Care

Echelon/Role Type of Care

1 Prehospital provider (e.g., combat medic)

2 Forward surgical team

3 Advanced surgical facility (e.g., combat support hospital)

4 Level II trauma center (e.g., Landstuhl Regional Medical
Center)

5 Major trauma center in the continental United States (e.g.,
Brooke Army Medical Center)
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associated with decreased hemorrhagic mortality, no increase
in multiorgan failure, and improved 24-hour and 30-day
survival. Duchesne et al.8 assessed the same process in
civilian injuries and produced the same positive results.8 The
results of Duchesne demonstrated mortality improvement
from �80% to �30% in severely injured patients who
required �10 units of blood in 8 hours. In addition, less blood
for similar injuries was required during the hospitalization.
Additional studies have demonstrated shorter length of stay
and less blood required for resuscitation by using plasma
rather than crystalloid for resuscitation.9

Dilutional resuscitation of hemorrhagic shock with ei-
ther colloid, such as hetastarch, or crystalloid reduces the
concentration of coagulation factors in the circulating blood
volume and impairs hemostasis. Holcomb, Duchesne, and
several others have demonstrated increased survival by using
minimal to no crystalloid for resuscitation. Using minimal to
no crystalloid most likely has three effects: early reintroduc-
tion of clotting factors into the depleted shock patient; resus-
citation with a fluid that stays in the vascular system to assist
in perfusion; and prevention of edema allowing increased
transport of oxygen from the capillary to the tissue cell.
Mattox and his team demonstrated that resuscitating patients
to a “normal” blood pressure with crystalloid actually de-
creased survival. The likely etiology is prevention of clot
popping and the reduction of transmural pressure.10 This
so-called hypotensive resuscitation has become one part of
the triad for prehospital resuscitation: rapid transport to a
facility that can provide mechanical control of hemorrhage;
hypotensive management of uncontrolled hemorrhage; and
maintenance of energy production (ATP).

Resuscitation to a systolic pressure in the range of 120
mm Hg can produce several problems:

Y Increasing the ratio between intramural pressure and
extramural pressure will increase the pressure on the
clot; if the clot is pushed off, greater blood loss from the
injured vessels will result.

Y Increasing the size of the hole as the vessel expands
makes the initial clot less effective.

Y It reduces the available factors needed for the coagula-
tion cascade to proceed (dilution).

Y It reduces the available platelets (dilution with crystal-
loid resuscitation).

Physiology of Hemostasis
In March 2010, the Department of Defense (DoD) and

the National Heart, Lung and Blood Institute of the US
Department of Health & Human Services hosted a sympo-
sium to discuss the physiology of clotting in the trauma
patient. Over the course of the 2-day meeting, many scientific
articles were presented and discussed. At the summation of
the meeting, three concepts held general agreement:

Y Dilution of the clotting factors was a major initial problem.
Y A condition initiated by trauma to the tissue cells, which

most likely consists of multiple components, begins
immediately after wounding before the patient gets to
the first medical facility and continues for 2 days to 4
days after injury.

Y Hypercoagulopathy is not adequately understood in pa-
tients with traumatic injuries.

Many names have been proposed, but trauma-induced
coagulopathy (TIC) is one of these and is very descriptive.
Hemorrhage alters host energy metabolism, electrolyte bal-
ance, hormonal regulation, and coagulation function although
little is known about these effects. Hemorrhage is a complex
systemic disease, and many aspects of its underlying patho-
physiological mechanisms remain unclear. One of the most
serious complications after hemorrhage is the disruption of
hemostasis, resulting in clinical consequences of uncontrolled
bleeding and thrombotic complications. Normal physiologic
coagulation requires a dynamic balance of complex systems
of procoagulant, anticoagulant, and fibrinolytic processes.
There are several reasons for coagulation disorders in major
trauma. Major blood loss always includes the loss of clotting
factors to a variable degree. Dilution-induced coagulopathy
during fluid resuscitation results in critical plasma concentra-
tions of coagulation factors.11 Massive release of tissue factor
from the site of injury extensively activates the coagulation
cascade and consumes clotting factors, especially fibrino-
gen.12 Furthermore, hypothermia, acidosis, hypovolemia, and
hypoperfusion are frequent problems in severe trauma pa-
tients and lead to further deterioration of the coagulation
process.13 The breakdown of fresh clots, a phenomenon
termed hyperfibrinolysis, contributes to coagulopathy to an
unknown degree. TIC occurs in 24% of patients with severe
tissue injury and tissue hypoperfusion with a fourfold in-
crease in mortality.14 The incidence and relevance of hyper-
fibrinolysis in patients with TIC is still unclear and is the
subject of ongoing research.

Several different approaches have been offered as a
solution to hemorrhage:

• Prehospital
• Increased external pressure
• Direct hand pressure
• Pressure dressing
• Hemostatic agents
• Tourniquets
• Liquid plasma
• Resuscitation with long-distance transport of the patient

in either a combat or rural situation
• Hypotensive (restricted) resuscitation

• Hospital
• 1:1:1 (RBC:plasma:platelets)

• As needed, cryoprecipitate
• 2:1 (RBC:plasma)

• As needed
• Platelets
• Cryoprecipitate

• Plasma � FFP, thawed plasma, and liquid plasma
• Permissive hypotension

• Systolic 80–90 mm Hg
• 1:1 (RBC:plasma)
• Crystalloid

• Surgical hemostasis
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Combat Fluid Resuscitation
In both the US civilian sector and the combat setting,

the majority of deaths occur at the point of wounding or
shortly after admission to a hospital and have a hemorrhagic
component. Approximately 80% of those who die from
combat wounds are dead at the scene or on arrival at echelon
2 or 3 facilities.15–18 Of the remaining 20%, the majority die
shortly after admission, resulting in a total case fatality rate of
�10%. This rate excludes the �50% of combat casualties
who return to duty within 3 days.16 In the civilian sector,
between 55% and 60% of deaths occur at the scene with a
case fatality rate that varies from �1% to �8%, depending
on the mechanism of injury (e.g., falls, crashes, knife wounds,
and gunshot wounds) and the denominator involved.19 Less
than 10% of admitted civilian or military trauma patients
have abnormal vital signs. Thus, it is estimated that the added
value of fluid resuscitation is �2% of all those patients.20

The devastating effects of injuries produced by modern
weaponry is not replicated in the civilian sector. These
effects, together with the tactical environment and delay in
evacuation as well as the resource constraints of the combat
setting, place special demands on the providers of point-of-
wounding care and the resources to which they have access.

With no viable method for mechanically stopping non-
compressible truncal hemorrhage, the leading opportunity for
reducing mortality at the point of wounding in combat is from
hemorrhage control and improved resuscitative strategies.17,21

The goals of resuscitation are to control hemorrhage and to
restore oxygen-carrying capacity to support ATP production
at the cellular level. The latter will usually restore some of the
lost volume. The ideal resuscitative fluid should expand and
maintain the circulating blood volume, maintain vital organ
perfusion, and have a positive effect on hemostasis or ho-
meostasis. Improved oxygen delivery, supplemented proco-
agulation, and metabolic downregulation may all be qualities
that could be advantageously administered.

Although prehospital fluids have been widely used,
their benefit in improving survival in trauma patients has not
been established in prospective clinical trials. Most of the
benefit of fluid replacement fluid therapy has been based on
positive outcomes seen in animal models of controlled hem-
orrhage. For uncontrolled hemorrhage, several studies have
shown either no benefit or increased mortality from aggres-
sive prehospital fluid resuscitation.5,20,22 In addition, the bat-
tlefield brings special demands often not fully appreciated by
civilian researchers and practitioners. If fluid resuscitation is
to be undertaken in a battlefield setting, crystalloids have a
short duration of action23 and may not be suitable for casu-
alties whose evacuation may be delayed. Colloids such as 6%
hetastarch, in contrast, last for at least 8 hours and may be
more suitable in this setting.24

Resuscitation guidelines for military casualties are de-
termined and recommended by the Committee on TCCC.
TCCC was given structure and conceptual organization in a
seminal 1996 article by Butler et al.25 Shortly thereafter, these
disciplines were introduced to the Special Operations com-
munity. An expert panel workshop was convened by the US
Special Operations Command in 1999 to review the casualty

care lessons learned from military activities in Mogadishu
and recommended that casualties with unconsciousness or
altered mental status from uncontrolled hemorrhage be given
prehospital fluids titrated to restore mentation.26

The evolving guidelines based on evidence from com-
bat and civilian settings6,27,28 have been disseminated
throughout the DoD, US Allied and NATO Armed Forces
largely as a result of the TCCC created in 2001 by Captain
Frank Butler of Naval Special Warfare at US Special Oper-
ations Command.

The purpose of the Committee was to bring best prac-
tices to point-of-wounding care in combat settings and to
address the inconsistencies in both training content and prac-
tice throughout the military. The Committee consisted of
military medical combat casualty care experts from all ser-
vices, a small number of civilian trauma surgeons, and a
membership that consisted of at least 50% point-of-wounding
combat care providers (e.g., medics). The Committee meets
four times a year and invites participation from civilian
tactical emergency medical services and Allied and NATO
Armed Forces personnel.

The Committee continues to review best practices,
training, and equipment and to make recommendations that
are widely adopted. In 2009, the Committee gained official
standing in DoD and is now reporting through the Injury
Subcommittee of the Defense Health Board, an advisory
board to the Office of the Secretary of Defense. Its recom-
mendations are published on the Web site and instantiated in
the Prehospital Trauma Life Support Manual (7th Edition).29

Conferences on Combat Fluid Resuscitation
In 2001, the same year as the founding of the TCCC

Committee, two conferences on combat fluid resuscitation
were held. The 38 articles presented were published in the
Supplement to the Journal of Trauma.27 The first conference,
funded by the Office of Naval Research, was held at USUHS
in June 2001; and the second, funded by Defense R&D
Canada, was held in Toronto in October 2001. The findings of
these conferences differ because of the availability of HTS
and hypertonic saline dextran (HSD) outside the United
States.

Conference 1: Recommendations/Findings, USUHS27

Y The primary recommendation was that fluid resuscitation
should be instituted for a systolic blood pressure of �80
mm Hg to 85 mm Hg, a falling blood pressure, or decreas-
ing ability to mentate without evidence of head injury.

Y In addition to determining the mechanism of wounding,
anatomic location, and potential severity of the wounds,
physiologic assessment of the patient should include
assessment of mental status and presence of radial pulse.

Y No fluids should be instituted in the presence of a strong
radial pulse and normal mentation.

Y Fluids should be initiated for weak or absent radial pulse
or decreasing level of consciousness in the absence of
head injury.

Y Hetastarch (hydroxyethyl starch) was narrowly recom-
mended as the colloid of choice for early care given in
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PolyHeme and Biopure. Similarly, the attempted use of
perfluorocarbons as a resuscitation fluid has not progressed
over the past decade, although research in this area continues
to produce third-generation perfluorocarbons that may be of
particular value for patients with head injuries.

Frozen red cells are widely available and used in both
the United States and Israel. Most of this use has been
in-hospital and not in the tactical or prehospital environment.
The advantage of using these frozen cells is that it obviates
the “storage lesion” of RBC products stored for long periods
at 4°C. The United States currently has several thousand units
of frozen RBCs stored and available for use.

The blood pharming program of the Defense Advanced
Research Programs Agency, which produces red cells from
stem cells, was evidence of the continued research commit-
ment of the DoD that holds significant future potential to
provide oxygen-carrying capabilities for early combat casu-
alty resuscitation. The bottom line is that there are no new
oxygen carriers in the foreseeable future, and blood �14 days
old may be better than older blood.32

Session 3 Summary: Coagulation Maintenance and
Treatment

The massive wounds of war and aggressive resuscita-
tion strategies at the combat support hospital have prompted
early use of a variety of coagulation factors and procoagu-
lants in Operation Enduring Freedom and Operation Iraqi
Freedom. A retrospective evaluation of patients receiving
massive transfusion in a combat support hospital with a high
ratio of red cells to FFP showed a substantial reduction in
mortality. This in turn prompted a retrospective evaluation of
high-ratio use of coagulation factors in civilian trauma cen-
ters and the coining of the term “damage control resuscita-
tion”.9 This preplanned resuscitation strategy calls for limited
use of isotonic crystalloids, early identification of patients
who are likely to require massive transfusion, and aggressive
use of FFP and platelets as a predetermined routine in these
patients. The early use of FFP and other products seems to
reduce transfusion requirements suggesting a decrease in the
rate of early hemorrhage, which in itself produces increased
survival.

There has been a significant reduction in the incidence
of coagulopathy during and after resuscitation with the lim-
ited use of crystalloid and increased use of reconstructed
whole blood in resuscitation (RBCs: plasma: platelets in a
1:1:1 ratio) in theater.9 This has caught on in the civilian
community and proved effective as well.34,35 Reductions in
complications due to overhydration, such as acute respiratory
distress syndrome, acute renal failure, acute hepatic failure,
and abdominal compartment syndrome, and reduced RBC
use are thought to be due to the early control of hemorrhage

Figure 1. Effects of Hextend versus Standard of Care on mortality rates at a single major trauma center.31

TABLE 3. Effects of Hextend vs. Standard of Care on Early
and Late Mortality Rates at a Single Major Trauma Center

Time Hetastarch � SOC SOC p

Died �30 min 4 (0.1%*) 28 (3.1%*) �0.0001

Died �30 min 38 (4.7%*) 53 (6.0%*) 0.2808

* Percent timing of death.31
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and the early administration of procoagulants. The contro-
versy continues on whether use of all of the factors together
(plasma) or the use of only isolated factors is the best
approach.

The current state of the science in frozen and lyophi-
lized coagulation factors including fibrinogen and plasma was
reviewed. Perhaps the product with the most apparent poten-
tial for improving resuscitation in the near term is freeze-
dried plasma.

The conferees concluded that a major attempt should be
made to establish a well-structured robust clinical trial that
would investigate the effects on perfusion and coagulation of
freeze-dried plasma in early resuscitation.

There have been multiple publications addressing the
switch from crystalloid to plasma resuscitation, examples of
which are listed below. They demonstrated improved survival
and reduced length of stay. Unfortunately, the informed
consent rules in the United States make the development of
randomized studies that would definitively answer the ques-
tions of emergency care in a conventional way a significant
challenge. However, several nonrandomized descriptive stud-
ies have shown the association between high plasma:RBC
ratios (approaching 1:1) and improved outcome. Here are
three examples (Figs. 2 and 3 and Table 4).

The importance of managing hemorrhage using plasma
and coagulation factors is noted in the study below, which
compares resuscitation using plasma and resuscitation using
crystalloids.

SUMMARY
At the end of the 20th century, the Institute of Medicine

reviewed the state of the art for combat casualty and civilian
trauma care; IV saline (or crystalloid) solutions were typi-
cally the first-line therapy for hypovolemic shock patients to
compensate for acute blood loss before transfusions could be
safely administered.37 In the first decade of the 21st century,
little has changed; isotonic crystalloids remain the standard of
care. There is promising data on the salutary actions of
several different colloid or hypertonic solutions relative to
isotonic crystalloids38–43; but to date, no randomized con-

trolled trial has reported a significant survival benefit of these
novel solutions. Controlled trials indicate the benefit of hy-
potensive resuscitation or low-volume resuscitation in the
field, in the emergency department, and in the ICU and has
become an accepted method of care.

Y As of 2006, there were at least 32 randomized controlled
trials comparing albumin to crystalloid solutions in
8,452 critically ill patients with hypovolemia or burns
and no evidence that albumin reduced mortality.44

Y As of 2007, there were at least 55 randomized controlled
trials of colloids compared with crystalloids and no
evidence that colloids reduced the risk of death com-
pared with crystalloids in 7,754 patients with trauma,
burns, or after surgery.45

Y As of 2008, a review of 70 trials in 4,375 patients found
no evidence that any one colloid solution is safer or
more effective than any other.46

Y Because artificial colloids are not associated with an
improvement in survival and because they are more
expensive than crystalloids, some have suggested that
the continued use of colloids in civilian trauma patients
cannot be justified outside the context of randomized
controlled trials.45

For the military, on the other hand, colloids and other
low-volume resuscitation solutions are attractive alternatives
because they have unique advantages in austere environments
where supplies are limited and evacuation times can be pro-
longed. For these logistical reasons and because of its reduced
weight and size relative to saline solutions, Hextend (6%
hetastarch in lactated electrolyte buffer; Hospira, Inc.) was

Mortality by Plasma: RBC Ratio
n = 252 massive transfusions (2003-2004)
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Figure 2. Effects of ratio of blood products on mortality in
massively transfused patients at a combat support hospital.33

Figure 3. Effects of ratio of blood products on mortality in
massively transfused patients at 16 Level I trauma centers.7

TABLE 4. Mean TICU LOS and Overall 30-Day Survival for
DCL Patients During Study Periods

Outcome DCL and CRE DCL and DCR p

ICU LOS 20 11 0.01

30-d survival 54.8% 73.6% 0.009

DCL, damage control laparotomy; DCR, damage control resuscitation; CRE,
conventional resuscitation efforts.

Duchesne et al., 2010.36
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recommended for fluid resuscitation of combat casualties.6,26,27

Hextend is approved by the FDA for use in hypovolemia during
elective surgery.47 Despite these recommendations, saline solu-
tions are still commonly used on the battlefield. Furthermore,
many civilian and military clinicians avoid any artificial
colloid solutions after trauma because of generalized con-
cerns about anaphylaxis,48 coagulopathy,49 and/or cata-
strophic bleeding.50 There have only been a few, inconclusive
studies that have addressed the coagulation profile of Hex-
tend.51,52 There are no data on the safety and efficacy of
Hextend at the doses typically used for initial trauma resus-
citation. However, recent work has suggested that Hextend
administered in volumes up to 1 L has no adverse effect on
the coagulation profile of trauma patients.31

RECOMMENDATIONS FOR MILITARY
RESUSCITATION

Clinical

1. The TCCC guidelines should be continued unchanged.
a. The hypotensive resuscitation process should be used

until hemorrhage control is obtained.
b. This process has not been refuted.

2. Prehospital
a. 1:1 resuscitation should be used as much as conditions

and resources permit.
b. This type of resuscitation is not readily available for

point-of-wounding care in prehospital combat or in the
prehospital environment in the civilian community.

3. In hospital
a. 1:1:1 resuscitation should be the goal until hemorrhage

is controlled. (This goal is based on retrospective
studies.)

b. Use low-volume resuscitation as appropriate in hospital.
c. Management of the initial coagulopathy of severe

blood loss is best achieved by early plasma infusion.

4. No current data are available to indicate that Hextend is
superior to other fluids for field resuscitation.

Research

1. Lyophilized plasma is the first priority for research and
development and represents the greatest need on the
battlefield.

2. A DoD-funded multicenter trial comparing frozen RBCs
to older RBCs and fresh RBCs is indicated.

3. Further research comparing Hextend, HTS, and 25% al-
bumin would be reasonable.

4. Hemoglobin substitutes and perfluorocarbons are not
ready for serious consideration at this time. Future ad-
vances in technology may make them candidates in the
near future.

5. Component products such as lyophilized fibrinogen, pro-
thrombin complex concentrate, and freeze-dried platelets
may be beneficial.

6. Freeze-dried blood and blood pharming are very exciting,
but they require further advances in technology.

7. Research on point-of-wounding treatments should focus
on efficacy (i.e., hemodynamic parameters) and effective-
ness (patient is alive at the next echelon of care) of early
treatment rather than on 30-day survival.

8. A preshospital trial of plasma resuscitation is indicated to
establish a baseline for future lyophilized plasma trials.

CONCLUSIONS
Significant development in fluid management has oc-

curred in the use of hospital fluid resuscitation by the military
in combat which has been adapted by the civilian community
for resuscitation, operative management, and in the ICU. This
development has been in the use of that major and critical
fluid that has been lost by the patient—whole blood.53 There-
fore, reconstituted blood (1:1:1 PRBC:plasma:platelets) has
been found to be nearly as effective for resuscitation. Many
studies have shown the benefit in both military and civilian
trauma. Unfortunately, the storage of these products has
prevented their use in the field. Nonetheless, field care has
matured, and specific indications for their use have been
formulated. Most important is restricted use of crystalloids
for resuscitation to prevent fluid overload and compartment
syndrome in the abdomen, head, and lungs combined with
early hemorrhage control using tourniquets and hemostatic
solutions for wounds on which tourniquets cannot be applied
(such as torso, head, and neck injuries). For long-term field
care and in combat situations, hetastarches such as Hextend
have not been found to improve survival but on the other side
have not been found to produce coagulopathy or other neg-
ative effects. Therefore, in combat and at times when cube/
weight ratios are important, Hextend has been found to be
beneficial.

Y TCCC guidelines are supported unchanged.
Y Hypotensive resuscitation with fluid restriction is

supported.
Y Rapid control of hemorrhage with pressure, tourniquets,

and hemostatic agents is advised.
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